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LETTER OF TRANSMITTAL 



THE HONORABLE PRESIDENT OF THE SENATE 
THE HONORABLE SPEAKER OF THE HOUSE OF 
REPRESENTATIVES 

SIRS: 

I have the honor to present the sixth in the series of interim reports 
stemming from the U.S. Metric Study, prepared by the National Bureau of 
Standards. 

This Study was authorized by Public Law 90-472 to reduce the many un- 
certainties concerning the metric issue and to provide a better basis upon 
which the Congress may evaluate and resolve it, 

I shall make a final report to the Congress on this Study in August 1971. 
In the meantime, the data and opinions contained in this interim report arc 
being evaluated by the Study team at the National Bureau of Standards. My 
final report to you will reflect this evaluation. 



Respectfully submitted. 




Secretary of Commerce 



Enclosure 
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LETTER OF TRANSMITTAL 



Honorable Maurice H, Stans 
Secretary of Commerce 

Dear Mr, Secretary: 

I have the honor to transmit to you another interim report of the U.S. Met- 
ric Study, which is being conducted at the National Bureau of Standards at 
your request and in accordance with the Metric Study Act of 1968. 

The Study is exploring the subjects assigned to it with great care. We have 
tried to reach every relevant sector of the society to elicit their views on the 
metric issue and their estimates of the costs and benefits called for in the 
Metric Study Act. Moreover, all of these sectors were given an opportunity 
to testify in the extensive series of Metric Study Conferences that were held 
last year. 

On the basis of all that we have been able to learn from these conferences, 
as well as the numerous surveys and investigations, a final report will be 
made to you before August 1971 for your evaluation and decision as to any 
recommendations that you may wish to make to the Congress. 

The attached interim report includes data and other opinions that are still 
being evaluated by us to determine their relationship and significance to all 
of the other information that has been elicited by the Study. All of these 
evaluations will be reflected in the final report. 



Sincerely, 




Lewis M. Branseomb, Direct or 
National Bureau of Standards 
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FOREWORD 



This report concerns the U.S. educational system. No other sector is so 
nearly unanimous in its endorsement of the metric system than is education. 
This report examines the role that education would play, as well as the 
problems and opportunities it would experience, in a national change to met- 
ric. 

Reports covering other substudies of the U.S. Metric Study are listed on 
the inside front cover. All of these, including this report, are under evalua- 
tion. Hence, they are published without prejudice to the comprehensive re- 
port on the entire U.S. Metric Study, which will be sent to the Congress by 
the Secretary of Commerce in August of 1 97 1 . 

This report was prepared by the Education Development Center (EDO 
of Newton, Massachusetts, The project at EDC was directed by Dr. Berol 
L. Robinson, under the general guidance of a steering committee composed 
of Dr. Jerrold R. Zaeharias, Acting President of EDC; Kevin H. Smith, Ex- 
ecutive Vice President of EDC; Dr. Charles Brown of the Ford Foundation; 
and Dr, Bobby J. Woodruff, Ridgewood, New jersey. High School. Profes- 
sor N. H. Frank of the Massachusetts Institute of Technology and Carlyle 
E. Maw, Jr., of Harvard University and the University of Chicago served as 
senior consultants to the project. Others who assisted in the project were 
Mrs. Cheryl Doyle, Mrs. Wendy Baron and Miss Kathleen Ennis of the 
Education Development Center, and Mr, Bruce D. Rothrock of the Na- 
tional Bureau of Standards. 

In addition, many educational institutions and organizations were visited 
to gather data for this report, and well over a hundred persons made con- 
tributions to the work of the Education Development Center, for which it is 
grateful. 

In this as in all aspects of the U.S. Metric Study, the program has 
benefited from the independent judgment and thoughtful counsel of its ad- 
visory panel and the many other organizations, groups, and committees that 
have participated in the Study. 



Daniel V. De Simone, Direct or 
U.S. Metric Study 
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EXECUTIVE SUMMARY 






This report is anpther in the series being prepared on the numerous in- 
vestigations comprising the U.S. Metric Study, being carried out by the U.S. 
National Bureau of Standards pursuant to the U.S. Metric Study Act (Public 
Law 90-472). This report concerns the effects of increasing worldwide use 
of the metric system on education in the United States. Its purpose is to 
attempt 



to present the educational advantages and disadvantages of both 
the metric and the customary systems of units; 

to determine the current usage of metric measurements in 
schools, and trends in that usage; 

to find the ways in which education would have to change as the 
U.S. accommodates to increased worldwide use of the metric 
system, under a planned national program or without such a pro- 
gram; and to estimate the costs of the changes ; and 
to make recommendations for ways in which to take best ad- 
vantage of the changes. 



We present here capsule conclusions and key them to the body of the report 
for support and expansion. ^ ^ ^ i ^ : 

The^chief inherent educational advantage of the cusfoniafy system is its 
familiarity and the fact that it is embedded in a thousand years Of post- 
Knglo^Saxon^ culture. Other OdUcatiohal advantages become^parent l Wheh 
the customary system is compared with the metric system —the customary 
units are body-related and finger-sizedi, while metric units are either too large 
or too small for very young children to handle easilyfThO disadvantages of 



the customary system are the many unrelated units , the arbitrary and various 
conversion ' factors , the need to perform longer and more complex’ calcula- 
tions, and a homenclature that is confusing to say the least The chief edUca- 
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tional advantages of the metric system lie in simplifying the teaching and 
learning of measurement, in relieving the educational burden of teaching two 
systems of measurement and in concentrating upon the simpler and more 
easily understood one. The only educational disadvantage of the metric 
system is that it is totally unfamiliar to most people and, at present, almost 
totally absent from the surroundings. The educational advantages and disad- 
vantages of both the metric and customary systems of units are outlined in 
chapter I. 

Despite the enthusiastic and long-term support of organized education, 
the current usage of metric measurement in elementary science and mathe- 
matics is very limited; and, indeed, measurement itself is hardly taught well 
at all. Increases in the use of metric units of measure are confined to the new 
science curricula, which now reach about 10 percent of the students in 
grades K-9. Forty percent of Hth graders encounter the metric system (cgs) 
in chemistry. This conclusion is expanded in chapter I, and supported in 
detail in chapter IV 

If the U.S, “goes metric,” our chief educational needs will be for new in- 
structional materials, for some training of teachers already serving, and for 
the replacement and modification of some instructional equipment. A 
minimum time scale is dictated by textbook replacement patterns; most local 
school districts replace textbooks on about a 5 -year cycle. In addition, the 
publishing industry should be provided with a lead time of about 3 years for 
the preparation of new materials, because substantial curriculum changes 
will be necessary, especially to suit elementary school mathematics for the 
instruction of students for a metric world. If we were to have a 10-year con- 
version period, together with national guidance for publishers and school 
boards, then we should be able to replace most textbooks (and library books 
and encyclopedias) at essentially no added cost over normal operations 
either to local school districts or to textbook publishers, (ch, IV. A.) 

In order to make the necessary curriculum changes within a scheduled 
conversion period, they would have to be recommended by an authoritative 
national body and widely, accepted by both publishers and educators. This 
report contains a mathematics educator's recommendation for curriculum 
change (app. V), arid a recommendation for the composition and responsi- 
bilities of a national coordinating body for education which might provide 
the authoritative support for the changes needed for metric conversion, (ch. 

v.) ; . ; • 3 

We briefly summarize here the “costs” of not going metric, that is, of not 
having a national program of metric conversion, and , the disadvantages of , 
having too long a period of metric conversion. They differ only in degree— in 
either case there would be aloss or, dilution of a sense of purpose and a delay 
in realizing the curriculum improvements which may be expected i to, : flow 
from . metric ,^n^rsipn; In, a practical sense, teach#^ 

which would, upon metric conversion, become available for other important 

studies, (ch. II.): ,,. -..i...-, ■ h-'i-. *'• 1 J-"" 

The inseiwice training of about a million elementary school teachers is a 
major; concern; ; Because, of the relative uniformity ; of their preparation and 
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teaching tasks, a small number of exemplary training programs could serve 
as models for the local construction of inservice training programs for metric 
conversion. It is estimated that teachers should spend from 8 to 15 hours in 
learning the metric system and some teaching tactics: many school districts 
have existing inservice training programs of this extent, and in this context 
there would be no extra cost. In school districts which have no regular inser- 
vice training programs, it may be necessary to organize some. The rethinking 
of purpose and obligation which might accompany such a change should be 
considered a benefit of metric conversion rather than a cost. 

The emphasis of inservice training for elementary school teachers should 
lie in the demonstration of teaching strategies and tactics. Inservice training 
should be strongly activity-based, because teachers teach as they are taught. 
A system-wide view of inservice training is given in chapter IV, together 
with an outline of a program for implementing it based upon the use of edu- 
cational television; both are described in appendix VI, parts a and b, A 
recommendation for a workshop-based teacher training program to in- 
troduce the metric system and new ways of teaching and learning measure- 
ment appears in chapter IV, with further details in appendix VI, parts c and 
d. The implementation of the latter recommendation would lead to a “tree” 
of workshops. Widely used, this program for the training of the teachers 
might cost as much as $6 million, but it would teach not only metric units but 
also new ways of teaching and learning measurement. 

Educational equipment is found mainly in the shops, laboratories, work- 
rooms, and field gear of occupational education. Changes in occupational 
curricula and needs for equipment changes are linked to changes in the occu- 
pations themselves. We have examined about a hundred equipment lists for 
occupational education curricula, and we have found that the cost of modify- 
ing and replacing equipment would not be great. It amounts at most to the 
equivalent of a year’s depreciation, which need not be taken all at once; and 
in many curricula the cost would be almost negligible, that is, less than a 
year’s attrition and supplies budget. 

In case th ere should be no national program of going metric, several 
recommendations can be made for the simplification of the customary 
system in education and in living. These include the decimal-inch proposal 
and an analogous decimal-pound proposal, and the increased availability of 
measuring devices with usable dual calibrations. The elementary mathe- 
matics curriculum reforms mentioned above and outlined in detail in the re- 
port should be implemented anyhow; but in the absence of a national pur- 
pose, they may not be realized for more than a decade, to judge by past ex- 
perience. For a discussion of these recommendations, see chapter II, It has 
been suggested, and even resolved by national organizations, that, regardless 
of national action, education take the lead in promoting the metric system as 
the primary system of units in the U S. This would be inadvisable, for we 
have evidence that the exclusive use of metric units in science study only 
can lead to a cultural isolation of science reminiscent of C. P. Snow’s two 
cultures, (ch. IV.) On the other hand, the metric system should be given full 
equality with the customary system. 
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Much is to be learned from the United Kingdom’s experience in educa- 
tion, but the forces driving metrication and the structure of education in the 
U.K. are significantly different from ours. There, the national inspectorate 
of education is very effective at the primary level and serves as a source of 
inservice training as well; national examinations for college and university 
admission are effective in controlling the secondary curriculum; and the na- 
tional industrial training boards are strongly influential in occupational edu- 
cation, Unless we have some strong national direction, coordination, and 
guidance in education, the U.S, may anticipate delays and ,5f ficulties, 
particularly in elementary education. With the help of the Ujt makers, 
secondary education will take care of itself and the problem of going metric 
in occupational education is largely the problem of the occupations 
themselves. 

In conclusion, we have found that the advantages of going metric in educa- 
tion are significant but not overwhelming; and, on the other hand, that the 
costs are not prohibitive and can be met largely out of normal expenditures. 
A conversion period of 10 years seems to be close to the optimum, but we 
would need a national leadership and sense of purpose to completely benefit 
from metric conversion. 
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CHAPTER I 



Introduction 

The Congress has for generations heard arguments on the advantages and 
disadvantages of making the metric system the primary system of weights 
and measures in this country. The issue for the United States will soon 
become critical as the customary system disappears from international 
usage; that is, as the other English-speaking nations go metric. The United 
Kingdom is now in the midst of a 1 0-year program of conversion from the 
Imperial system of measurement (pints and pounds, yards and miles) to the 
metric system (liters, kilograms, and meters): their national program is 
proceeding under the coordination of a widely representative Metrication 
Board at the same time that the decimalization of coinage is proceeding 
under the guidance of a Decimalization Board. 1 India undertook in 1956, in 
the political climate of independence and with the support of Nehru, the dou- 
ble task of going over tb a decimal coinage and the metric system of mea- 
surement: Many 1 other members of the British Commonwealth of nations 



have made commitments to change to the metric system. ^ ^ 

The Secretary of Commerce has been directed by the Congress (Pubhc 
Law 90-472, 8 August 1968) to report to them on the impact of this increas- 
ing worldwide usage of the metric system din the United States. The Na- 
tional Bureau of Standards has been assigned the task of carrying out a study 
of the questions raised by the Congress and of preparing a report. 

The l-l^S. Metric Study has been developed by the National Bureau of 

Standards in the form of 14 components, which are described in the first 

( oh l5-February l971, the United Kirigdom dfT1ciaily convcrted to a decimal coinage with 

the introduction of Pi, 1, and 2 new pence coins. A month later it was described as the “lion- 
event of the century,” : \ .• '1.. 
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TJ.S. Metric Study Report, "International Standards.” 2 It includes a number 
of surveys and investigations of a wide range of topics and a senes of con- 
ferences, including a conference on education. 3 Perhaps the most important 
single contribution to the Education Conference was the comprehensive 
position paper of the National Education Association (NBA). It covers the 
history of the support of organized education for the metric system, and 
summarizes usage, educational advantages, adjustments to be expected, and 
costs; and offers a tentative schedule for going metric. This paper is 
reprinted as appendix II of this report. 

Another valuable contribution was the report of the National Science 
Teachers Association (NSTA) to the Education Conference. It addresses it- 
self to the questions *»f classroom activities and instruction, possible fu- 
ture effects of going metric, and submits the official position of the Associa- 
tion on this issue and the opinion of its leaders. This report appears as appen- 
dix III. 

Education Development Center (EDC) was asked to undertake a study of 
the effects of going metric upon education in the U.S., and to determine: 



(1) The current usage of the metric system and trends in its usage, and 
the advantages and disadvantages of current practice. 

(2) The consequences of increased international usage in the event that 
no national program is undertaken. 

(3) The problems which would have to be faced in implementing a posi- 
tive national policy and program over a 10-year period of conversion 
or over some “optimum” period. 



EDC was asked also to develop recommendations and guidelines for 
minimizing the difficulties of the transition and for best realizing the long- 
term benefits. 

In the course of this Study it has become clear that in the area of education 
there will be difficulties associated with the transition but they would be 
great. On the other hand, it seems clear that the advantages to be gained are 
significant but not overwhelming. The major problems to be faced in educa- 
tion are the replacement of textbooks and other instructiona! materials, the 
modification or replacement of equipment, and teacher training (quite aside 
from a national THINK METRIC campaign, see ch. VI). The chief subsidi- 
ary advantage to be gained, aside from the simplification of teaching and 
learning measurement, appears to lie in the opportunity to make curriculum 
reforms, particularly in elementary mathematics. , 

The task of the Education Development Center is to assay the extent of 
the problems and implications oi'a change to SI ,units, 4 and to develop the in- 
formation upon which guidelines and recommendations can be based j 






S| *. National Bureau of Standards Special Publication 345-1 , Washington, (December 

1970); pp. 43-45. Hereafter we shall referto this report as “International Standards.” 

3 Held at 'the National Bureau of Standards, 'Gaithersburg, Maryland, 14 and 15 October 
1970. Hereafter we shall refer to this Conference as “ihe Education Conference.” The program 

is included as app. TV, . . _• , f . . • , . _ _ ; . , ,, _ . ; ' . ' - « , 

glossary will be found on p. 198. 
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Summary of Current Usage and Trends 

a n they' have be en' 'on ab ° U ‘ ^ 

introduction of the metric system th^v h f ” lany generations - With the 
teaching and learning tasks.* At this timers d! eSSe ” tial sim Plificauons of 
nc they see, in addition, a chance for another round "f period of going met- 
However, the current usage of th^ ® , ound of GlJ mculum reform. 
United States is limited, and students do'no^i SyStem m education in the 
they are living in a totally nonmetrir - 1 earn to t,lin ^ metric because 

elementary and intermediate school studenr m6nt ' ° n ' y ab ° Ut 10 P^ent of 
curricula in which metric units of m “ iUC exposed to th e new science 
The trend toward increase in the usage^fri? “**? *" 1 substantiai amounts, 
noticeable; it appears mainly in the new Vci e metnc system is small but 
but the commitment of these new science cu^ ^ urncu,um developments, 
appears to be at the peril of introducing «| ato metric measurement 
and the real world. In contrast conventional 8 ^ 66 bamer between science 
and intermediate grades do not usT^nmc^t^ ^ f ° r the e,e mentary 
ment, nor is there promise of a^y ^ amount « <* metric measure! 
At all levels of rmth^r » appreciable increase. 

ority. In the typical elemcntTrVmathM™i c the metri ? system has a low pri- 
on measurement, and of that at mos^n cumculu 'n, little time is spent 
system When the metric system i, introduced T"' ' 5 SPe "‘ on the metric 
surement language, and students leliro^hv m " taUght ? s a second mea- 
develop an instinctive use* In high school wlth no cnanc « to 

n °Th mathemat ' cs to P ,c ' and it is left to the science 7 i'" 8 ° f measure ment is 
The metric system is ik,.,i science courses. 

and physics courses taught ^ the ch ^istry 

metnc usage are notieeable in high school nhv ^ ^ Sma " inc «ases in 

colleges expect their students to learn nh / ’ bUt 80 ,on « as engineering 

and Btu-S, many college physics a " d Pounds 

units. Chemistry is completely metric fed /f e ° b '8 ed to teach in those 

the practice of that profession. nc ( c es) and has for generations reflected 

current usage of of organized education, the 

See t h e ^® ^ y **®m(o8sma1nl^f[n chemistrv°^ ^ er " 

both the inS;r«r^r d WOr,£ihOPS occupational education 

■ices of the occupations fo, fhtehThey STeud “ Sh ‘' y ""^d 'he Prae-’ 

— on iney tram. Leaders m occupational educa- 

S 9Kh: II • *L-_ - V- : .K;-‘ . pi ,v • ■} : ' ’ / 
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tion generally are not in favor of having education take the lead in metric 
conversion until there is evidence that the country as a whole is converting. 
In each occupation, there will be a reluctance to teach metric units of mea- 
surement until it is clear that that occupation is about to go metric. When the 
time comes to introduce metric units into an occupational curriculum, a 
transition period will be needed during which both metric and English 
systems will be used in the schools. Occupational educators feel that such a 
bilingual stage and a coordinated and orderly transition would neither 
produce confusion nor require expensive alterations in present instructional 
equipment. 

EHucational Advantages and 

Disadvantages of the Customary and 
Metric Systems of Measurement 



The chief educational advantage of the customary system of measure- 
ments is that it is familiar. Its other advantages are seldom recognized —the 
units are body-related and finger-sized. Young fingers can easily manipulate 
one-inch tiles and cubes and ounce weights, but millimeters, centimeters, 
grams and cubic centimeters are just too small and the kilogram is too large. 7 
Young minds have difficulty in comprehending numbers as large as 300, 8 
And in general there is a loss associated with the rejection of the measure- 
ment-related parts of a thousand years of post-Anglo-Saxon culture, as 
epitomized in the last verse of Robert Frost’s famous “Stopping by Woods 
on a Snowy Evening” — 



The woods are lovely, dark and deep. 
But I have promises to keep, * 

And miles to go before I sleep. 

And miles to go before I sleep. 



The disadvantages of the customary system are that there are many unre- 
lated units, that the conversion factors from unit to unit are arbitrary and 
various, that the same names are used for different units (for example, dry 
and liquid quarts, ounces of weight and capacity), and that similar units have 
entirely different names (for example, minim, dram, ounce, gill y [cup”],; pint, 
quart, [pottle 10 ], and gallon). The present style of measurement is to work 
mainly with common fractions and mixed numbers, so that computations are 



complex and lengthy. 




,1 School experience in the UK has led to preferences for 5- and 10-gram plastic weights and 
larger-dian-centimeter blocks and tiles. 

« 300 min — i foot. In education at least, the “nonpreferred” centimeter must be used as a unit 

of length. - •. ■ • ; f V ; . •• 

9 A cuphil Is half a pint— a kitchen measure but not a legal one. 

10 “two quarts make a pottle; two pottles make a gallon.” A Dictionary of English Weights 
tind Measures from A ngto-Saxon Tithes to the Nineteenth Century, R, E.Zupko, University of 



Wisconsin Press, Madison (1968), p. 132. 
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The chief educational advantage of using the metric system lies in the sim- 
plification of teaching and learning how to measure. This advantage arises 
from the simple interrelations of units mainly based on multiplication by 10, 
and from the ease of computing with decimal fractions and whole numbers. 
An obvious educational advantage would be that the educational system 
would no longer be burdened with teaching two systems of measurement, 
and would be able to concentrate on the one which is simpler and more easi- 
ly understood. Time saved due to teaching a simpler system could be used 
for the introduction of valuable new materials. Another advantage of metric 
usage is that the teaching of decimal fractions, now much delayed, must 
occur earlier. (It is remarkable that the first nation to adopt a decimal 
coinage should after 180 years still not teach decimal fractions in the early 
elementary years.) At the same time, much of the customary drill in fractions 
could be reduced, although we should of course retain an easy familiarity 
with halves, thirds, quarters, and fifths (and perhaps sixths and eighths). 

The only disadvantage of teaching the metric system is that it is totally un- 
familiar to most people, and metric measurement is almost totally absent 
from the surroundings at present. In spite of the fact that the U.S. has a 
decimal coinage, its decimal-fraction nature is not related to measurement: 
decimal fractions are used only in very special contexts. For example, 
machine shop practice uses the decimal inch notation, and surveyors mea- 
sure to the nearest hundredth of a foot. More commonly, gasoline is mea- 
sured in tenths of gallons (but nobody ever notices because the computing 
pump permits you to buy by the dollar’s worth or by the “fiJPerup”). 
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CHAPTER li 



Bilingualism in Measurement Language 

The rest of the world is or soon will be metric. Those countries that have 
decided upon a course of metric conversion are not likely to reverse it, re- 
gardless of an action by the U.S., and indeed the U.S. Metric Study has ex- 
cluded from its consideration the possibility that the U.S. could arrange 

some mandated action to reverse the trend toward metrication in iavor 
of a return to more complete use of “customary” hardware and 
software . 1 

Therefore, it should be recognized that there will be an increase in bilingual- 
ism in measurement language whether the U.S. goes metric or not. 

In case there is a national program of metric conversion, the increase will 
be a steady and coordinated one, in which all will be involved over a short 
period of time If there is no national program, the most obvious impact of 
the increasing international use of SI will be the obligation of students and 
teachers at all levels (and indeed for others in all walks of life who are in- 
volved with any sort of measurement) to deal increasingly and over a long 
period of time with a real world in which two measurement languages are 
used. One may expect the increase in bilingualism to be slow and sporadic, 
with larger steps as major industries convert. This course is regarded by 
some as the natural way in which metric conversion is bound to come about. 
They say that to interfere with that slow process would be too great a shock, 

especially for industry. One might ask such people whether they would take 
language lessons if they were obliged to go to live in another country, or just 

* -‘International Standards*’’ p. 42 . * "-v/: : 



